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EFFECTIVE REIBN1ION TIME Of REACTOR EFFLUENT BASINS 

IN TROD UC 'IION 

'I11e effective reten t ion time of the \.Jast.e effluent basins in the reactor areas 

is important in determining the concentrations of beta particle emitters in the 

reactor effluent water admi tted t 9 the Columbia. River. This report su.'lllllarize s t he 

sti.:.ly of retention times performed by the Biophysics Regional Survey forces of the 

Radi ological Sciences Depar t ment, The vRJ.ue s obtained are used for calcula ting decay 

correction factors in order to determine more accurat,~ figures for the beta particle 

activity density of water leaving t he various retentiL'n basins. 

SUMMARY 
/ 

, Studies of the radioactive decay of the gross beta particle emitters in reactor 

effluent water indicated that the retention time for basins at the different reactor 

areas varied from 1.5 hours to ~ .O hours for flow rates occurring during the last 

th ree years. A statistical analysis of the data from 100-B, 100-D, and 100-F indi

cated a significant relationship between the two variables, effective retention 

time and water flow rate. The limited data from 100-DR and 100-H showed no signi

ficant relationship. The uranyl nitrate tests, which were conducted at the 107-H 

\.!est basin by Pile Physics peroonnel, indicated that a fraction of the uranium passed 

through the basin in less than one hour and that n maximum concentration was reached 

in approximately 2 .5 hours. This test indicated a more complicated system of flow 

through the basin than the decay studies had sho'W'Il and it further explained the 

large fluctuation in results obtained for the reten~ion time by the decay method. 

A study of the variation with time of the activity density of water leaving 

the 107-H basin indicated that a cyclic effect might be occurring in whi..!h the 

variation from the mean was frund to Le as high as 15 percent. 
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PROCEDURES 

A. Retention Ti.me I.Jy Decay of Gross Beta Particle Eml tt.ers 

The effective retention ti..,e was determined from the counting rates obtained 

on water samples collected at the inlet and outlet sides of each basin. The inle t 

samples were maintained on deca,y study until lhe counting rate of the beta particle 

emitters in the inlet water equaled th e in '. tial counting rate of tJ,e beta particle 

emitters in the outlet .. ·ater at sampling time. The ti.me interval after sampling 

required for the inlet water to r each equality with the outlet water was considered 

as the effective retention time. A sufficien t number of measurements was made t o 

define the radioactive decay of inlet and outlet samples of water; mini.mum, max:L,nnn, 

and mean values of each 3et of measurements were determined. 

Sampling at the outlet of the basins was accomplished after the reactor effluent 

water had flowed over the lip of ~he weir at 100-H, 100-DR, and 100-C. At 100-B, 

100-D, snd 100-F, the samples were taken from the end of the spillway. Inlet SllITlples 

were obtained bj dipping the samples from the bubble where the water enters the 

basin in all areas except 100-C where a sampling port is available at the cushion 

box whir,h is located approximat ely twenty feet from the 100-C inlet point. 

A two-cc aliquot of water, collected from the inlet and outlet sll.Illpling points , 

was placed on a one-inch diameter stainless steel plate, dried under an infra-red 

lamp and then placed in an aluminum holder for counting. The water was filtered 

for the latter measurements to remove possible interference by particulate conte.m

ination. Earlier samples collected in 1950 were not filtered. Counting was 

accomplished by use of a mica-window G.M. tube enclosed in a vertical lead shield 

and connected to a conventional scaler, The equipment was mounted on a mobile 

unit equipped with a 1. 5 K\..' AC generator. 
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B. Retention 'JJJne b; Isotopic Analysis 

Measurements oi' the retention time of the 107-H effluent retention basin were 

alro made by specific analysis for uranium aJ~.er uranyl nitra t e was injec t ed. .i.nto 

th• reactor efflur:mt wa t er during t est s by Pile Physics personnel (l). The effec tive 

r6tent:lon time was determined as the interval be t ween the time a t which the maximum 

concentrl\tion of urani.um was determined in the inle t water and the time a t which 

the maximum was observed in the outlet water. Samples were analy zed for uranium 

in the Biophysics Control Laboratory of Radiological Sciences Department by mean s 

of a fluc1·ophotometer(2). 

C. Variation in Effluent \.'ater Activi ty Densi t y 

The effect upon retention measurements caused by variation in sampling t ime 

and sampling location was studiEd by collecting samples from five ey_ually spaced 

points on the 107-H basin outlet weir . Samples were collected at frequent in

tervals over a four hour period and treated by the Control Laboratory in the same 

manner as those for the determination of retention time by the decay method. 'Jhe 

time interval between sampling ~d counting was maintained constant to eliminate 

decay corrections and all samples from a single position were uounted on the same 

equipment to facilitate comparison over the sampling period. 

D. Stat~stic&l Analysis 

Statistical analys~s was direc ted at correla t ing the relatlon5hip between 

effective retention time snd flow for basins of the same volume with significance 

being determined in each case by the 99 percent probability levP.l. Correlation 

coefficients were tested by a T-test. 

Data from samples which were collec ted from various poin t s on th e 107-H weir 

were tested for significant difference by the same method. 

-
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RESULTS 

The values of the retention time as determined by the decay method are shown 

in Table I together with the theore tical value determ..i.ned by calculatfog the per lod 

required to fill the basin at th~ given flow rate. 1he capacity of the 107 be.sins, 

as determined from structural blueprin t ~, was 6. 1 million gallons for 107-B, 107-D, 

and 107-F; 9,1 million gallons for 107- l! and 107-DR, end 1.0 , 2 million ga llons for 

107-C. 

100-B 
100-B 
100-B 
100-B 
100-B · 
100-B 
100-B 
100-B 
100-B 

100-D 
100-D 
100-D 
100-D 
l.00-D 
100...D 

100-C 
. 100-C 
100-C 

100-F 
100-F 
100-F 
100-F 
100-F 

100-DR 
100-·DR 
lOU-DR 

TABLE I 
llESULTS OF 107 BASIN RETENTION 'lIME DETERMINATIONS 

6-1-50 
6-15-50 
6-28-50 
6-12-52 
6-24-52 
7-28-52 
9-18-52 
9-25-52 

11-18-52 

5-2-50 
6-22-50 
6-18-52 
6-25-52 
7-24-52 
9-12-52 

12-8-52 
12-10-52 
1-28-53 

4-26-50 
6-21-50 
6-11-52 
7--)-52 
7-?-52 

10-13-50 
6-19-52 
6-2.3-52 

So11th 
South 
South 
North 
North 
South 
North 
North 
North 

South 
North 
NortJ1 
North 
South 
South 

East 
East 
East 

East 
East 
We st 
East 
F,ast 

Wes t 
\,,'es t 
Wef:t 

Wa t er Flo>1 
Qil/Min. 

32,300 
32,300 
32, .300 
36, 630 
36,250 
38,280 
39,060 
38,920 
37,650 

.32,400 
32,600 
39 ,700 
39,580 
39 ,820 
39,940 

65 ,000 
64,700 
64,100 

31,000 
32,300 
36,550 
36,950 
37 ,4.00 

37,000 
42,250 
41,870 

E,?CPerimental 
Hold,-up Hrs. 

Min. Mean MB.Jf. 

2.0 2.4 2.8 
2.1 2.5 2.9 
2.3 3.0 3.7 
1.5 1.9 2.3 
1.8 2.0 2.2 
1.9 2.1 2.3 
1.3 1.6 1.9 
1.7 2.0 2.3 
1.6 1.9 2.2 

2.7 3.2 .3.8 
2. 7 3. 2 3. 7 
1.7 2.1 2.5 
1.7 2,2 2.7 
1.2 1. 7 2. 2 
1. 9 2.2 2.5 

1.2 1.5 1.8 
1.3 1.5 1.7 
1.5 1. 6 1.7 

3.5 4.2 L,. 8 
3.6 4.0 4.5 
2.1 2,5 2.9 
2.2 2,5 2.8 
2.4 2.8 3.2 

2.4 2.8 3.1 
2.1 2. 5 2. 9 
2.1 2. 7 3.3 

'lheoretical 
Hold-up Hrs. 

3.1 
3.1 
3.1 
2.8 
2.8 
2.7 
2.6 
2. 6 
2.7 

3.1 
3.1 
2. 6 
2. 6 
2.6 
2.5 

2,8 
2.8 
2.8 

3.3 
3.1 
2.8 
2.8 
2,7 

4.1 
3. 6 
3. 6 



-
~7- HW-28830 

1Afil:.E I (Cont'd) 
RESULTS OF 107 BASIN RETEN'IION TIME DETERMINATIONS 

EasEerimental 
Water Flow Hold-uE Hrs 1 Theoretical 

~ ~ ~ Gal/Mir. Min, Mean Max 1 Hold-up Hrs. 

100-H 4,-19-50 v.'es t 38,000 3.0 4. 4 5.7 4.0 
100-H 6-26-50 Wes t 38,600 2.3 2. 6 2. () 3. 9 
lOOe-H 6-30-50 West 38, 800 2. 6 3. 4 4.1 3.9 
100-H 9--21-50 West 41, 600 2.0 3. 9 5.8 3. 6 
100-H 6-16-52 East 43,780 2.5 2.7 2. 9 3. 5 
100-H 6-20-52 Wes t 43,41.0 2.2 2,5 2.8 3.5 
100-H 7-17-52 East 44,070 2.0 2.2 2.4 3.1,.. 
100-H 7-18-52 East 37 ,865 2.7 3.1 3.5 4. 0 

Th~ results as detennined by the ino topic method are given in Figures 1 and 2. 

Figure 1, representing the results of the test conducted on July 10, 1952, shows 

that the first indication of uranium in the 107-H outlet water was approximately 

one hour after positive amounts were detected at the inl.et, and tha ... , there was a 

period of 2. 0 to 2. 5 hours between the me.xi.mum indication at the inlet and the 

maximum indication at the outlet, The concentrations of different outlet samples 

collected at the north~est corner of the weir were non-uniform and some-what cyclic 

in natu:-e . 

The plot of inl.et sample concentrations shown in Figure 2 for the test con

ducted on Septem~r 5, 1952, indicates that the maximum concentration occurred at 

approximately 1110. A plot of the concentrations of samples from five positions 

on the outlet weir which were sampled for the same tests (Figure 2) indicates that 

a fract:!.on of the uranium passed the outlet approximately thirty minutes after 

the first indication in the inlet and that the maxirirl.llll concentration in the outlet 

sampl8s appeared about 2.5 hours after that in the inl.et. Results from this test 

agree with those from the previous test run on July 10, 19 52, and also agree 

relatively well with the retention ti.me as determined by the decay method. A 

s tudy of the sample concentration s for the particular te st shows that the highest 
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INLET CONCENTRATION 

FIGURE- 2 
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percentage of the uranium f l o\.led ove r t he weir near t he middle. 

Since the background concentration of ~raniurn in the wa t er was low before 

the test, variations in tl e water flow rate pattern in the bas in had a mc1rked 

effect on the distribution of t he uranium with sampling locat ion and t ime . Sim

ilar variations have a less marked effect on t he concentrations of gross be t a 

particle emitters in the outlet water when all the water in the basin con t ains 

residual concentrations of these isotopes. 1he data plotted in Figure 3 r ep

resent concentrations of samples collected at the same locations on the 107-H 

weir and !lllalyzed fer gross beta particle emitters. These data also indicat e 

higher average concentrations near the center of the weir although differences 

are not so markAd as in the uraniu'll test. 

Figure 4B is a plot of the inlet concentrations of gross beta particle 

activity during the same period as that shown in Figure 3. The variation in inle t 

gross LP-ta activity density, in general, has the same magnitude as that found for 

the outlet samples. The minimum and maximum for the outlet samples during the 

five hours in which the samples were taken were of the ratio 1:1.3. The inlet 

sample minimum and maximum for that same period \Jere of the ratio 1: 1.4. Figure 4A 

is a graph of samp:i.e results obtaine,d from the outlet on January 23, 1953, at which 

time the variation was similar to that found in the above mentioned data. The 

cyclic pattern was again indicated :from these data. 

DISCUSSION 

The measurements at 100-B, 100-D, and 100-F areas were grouped together for 

simplicity in calculation since the de slgn of the r e tention basins in these 

areas is the same. The measurements made at 100-DR and 100-H areas were also 

treated together for the same reasor.. 'The effe:..ct of differences in baffling 

e at the similar basins was not allowed for, alt hough data from different basins 

of the same group may be mat erially affected by this variable as the baffling 



-
IN. w. cor.NER 

WEIR LOCATIONS 

PAGE 11 

VARIATION IN COUNTING RATE WITH 

SAMPLING POSITION AND TIME 

107-H BASIN 

FEBRUARY 5, 1953 

N.E. COR NER! 

HW - 28830 

FIGURE - 3 
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VARIATION IN RELATIVE COUNTING RATE 
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becomes defective. 

Statistical investigation of a possible relationship between water flow and 

retention time of the basins in 100-B, 100-D, a~d 100-F revealed that the relation

ship followed a hyperbolic function; a significant correlation coefficient of 

0,78 was obtained, Eleven measurements at 100-DR and 100-H areas showed no cor

relation. 

A satisfactory exp~ession of the relation ship between retention time and 

water flow in the data from the older basins was obt ained by using an "effective " 

basin volume detennined as the produc t of the experimental retention time in 

minutes and the water flow in gallons per minute. This "effective" basin volume 

was less than the true volume in all cases, a condition possibly existing because 

of channeling of the effluent stream in the basin. 'The relationship was adequately 

described for data previously obtained at low flow rates(3) as well as for the 

data reported here by the following relationship: 

:xy = 5 X 106 

where y = retenti.:m time in minutes 
/ 

where x = water flow in gallons per minute. 

Assuming that the f:lame type of relationship }folds for 107-H and 107-DR bs.sins 

where measurements at lower flo,._, rates were not made, the data at higher flow rates 

indicate that the Lest equation for such relationship may be expressed as: 

xy = 7 X 106 

The different physical shape of the 107-C basin prevents applica tion of such 

an equation until more data are obtained, 
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The data represented in Fi gure 3 were investigated to determine if there were 

B..n.f differences in activity density of the water a t: the five locations sampled thut 

could not be attributed to laboratory or count ing measurement error, A study of t he 

measurements at eight random times during the sampling period indico.ted that any 

variation in the se.mple concentration due to sampling location was of questionable 

significance, although concentrations near the center of the weir averaged signi

ficantly higher and varied less t han those at t he ends of the weir, The variat i onio 

noted in sB.ILpling position and in the retention time measurements for vari ous fl ow 

rates indicated that more accurat e evaluations of the activity density of gross 

beta particle emitters entering the Columbia River would be deslraoie. A possible 

i~provement would be the relocation of se.mpl::..ng equipment in the affluent line 

downstream from the outlet weir where the sample taken would more nearly represent 

a composite of all water flowing over the weir. 
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